NiAl 2 O 3 nanocomposition coatings were fabricated onto the surface of steel (grade 45) substrates using jet electroplating technology followed by laser remelting. The microstructure of the NiAl 2 O 3 nanocomposite coating and the laser remelted layer were analysed. The surface composition was analysed using energy-dispersive X-ray spectroscopy (EDS). The tensile properties of the composite coating before and after laser irradiation were measured. The results show that for optimized testing parameters jet electroplating technology can produce 3.58 mass%. NiAl 2 O 3 nanocomposite coatings. The tensile strength and percentage elongation of the test specimen with nanocomposite coating are better than substrate material. Laser remelting further improved the tensile strength and percentage elongation of the test-specimen.
Introduction
Jet electroplating is a powerful technique for depositing nancomposite coatings at high deposition rates due to the large current densities produced. 1) The adhesion between the nanocomposite coating and the substrate is however poor and the coating, which tends to peel off. In order to improve the coating adhesion laser remelting process has been employed. By utilising the high energy density, rapid heating and cooling properties of the laser better quality composite coatings can be produced. 2, 3) Research into laser treated nanocomposite coatings such as Al 2 O 3 and SiO 2 shows that on flat surfaces uniform composition with a fine microstructure can be produced with good adhesion between the coatings and substrate. 46) In this study NiAl 2 O 3 nanocomposite coatings on steel (grade 45) substrate were prepared using jet electroplating technology followed by laser remelting. By optimizing the laser processing parameters the effects of laser remelting on the properties of composite coatings have been investigated.
Experimental
This experiment employed SLCF-X12©25 multi-function CO 2 laser machine tool produced by Shanghai Unity Prima Laser Equipment Co. Ltd. whose maximal output power is 2 kW, with power adjustable continuously. Automatic power coater was used and laser sintering was made in room temperature without addition of protective atmosphere. During laser remelting, fix the beam format and the height from the beam to the substrate, adjust laser power and scanning speed to get laser remelting structure under different process parameters. Large number of prospective trial shall be took within broad parameter scope before the formal laser process of the coating. Need to compare the trial results and finally set a group of optimized process parameters to be: laser power 1000 W, scanning speed 0.8 m/min, laser beam diameter 3 mm.
The tensile properties of the composite coating before and after laser process were measured on SANSI-028A type universal tensile machine under loading speed 0.002 m/min on the room temperature. The tensile specimens were fabricated directly on the steel (grade 45) substrate materials with a thickness of 2 mm by wire-cutting machine (Fig. 1) .
The samples were polished and corroded by 1 mL oxalic acid, 1 mL nitric acid, 98 mL distilled water, and the microstructure were observed. The surface morphologies and fracure scan of the samples were analyed by using a field emission scanning electron microscope (FESEM, LEO-1530VP) with energy dispersive analyzer system.
Results and Discussion

Analysis of microstructure
Our preliminary study finds that during the process of jetelectroplating, the amount of Al 2 O 3 in the coating changes with the current density, electrolyte flow rate and Al 2 O 3 content of the electrolyte. 7) In general, if the other parameters remain unchanged, a high concentration of nano-particles in the prepared composite coating is favoured by: (i) a greater number of nano-particles in the electrolyte, (ii) a higher current density, and (iii) a faster rate of electrolyte flow. Table 1 shows that the main elements of the nanocomposite coating which fabricated under the condition of current density of 200 A/dm 
nano-particles which reaches 3.58 mass% in the coating (through calculation). The small amount of Fe indicates that, during laser sintering, some Fe ions in the matrix infiltrate into the composite coating. This causes a transformation in the bonding present from being mechanical in form to metallurgical.
The surface microstructure of NiAl 2 O 3 composite coating is shown in Fig. 2 . It is evident that most of the particles in the coating are in the nanometer range. Due to the equipment limitations the nanoparticles could not be dispersed accurately. By adopting jet elelctroplating technology, however nanocomposite coatings can be produced.
Effects of laser remelting on the tensile strength of composite coatings
In order to compare the influence of laser remelting on the tensile strength, three different test specimens were prepared under the same testing conditions. These were; specimen 1 is the steel (grade 45) substrate, specimen 2 is the steel (grade 45) substrate with jet plated complex nanocoating and specimen 3 is the nanometer complex coating after laser remelting. Table 2 shows that the specimen with nanocomposite coating is better than substrate material in terms of the tensile properties and after laser remelting further improvements occur with a corresponding increase in the percentage elongation. Laser effect can thus improve the tensile properties of complex coatings. Since jet electroplating possesses have very high current density the cathodic polarization is strengthened resulting in an increase in the cathodic overpotential, forming a large quantity of crystal core in the electrolyte solidliquid interface. The nanoscale particles around the negative pole assist in the formation of a crystal core and prevent the formation of rough crystalline grains. This minimizes the size of particles in the deposited layer and improves the compactness of the crystal structure and strengthens the intensity and plasticity.
The laser irradiation times are very short causing rapid heating and cooling which produce a slightly soluble state. The inner part of the molten pool emerges between the coating and the substrate surface during the metal recrystallization process. Super cooling and high nucleation rate further minimize the original crystal size, thus improving the strength and plasticity. 8) Figure 3 shows the fracture in the tested specimen. There is an obvious dimple in the fracture surface with some cavities on the fracture surface, which are the main features in ductile metal fractures. Dimples are microcavities caused by plastic deformation of metals, after nucleation and growth, which, finally connect to each other and leading to cracking. 9) 4. Conclusions NiAl 2 O 3 nanocomposite coatings can be produced onto steel (grade 45) using jet electroplating. The greater the number of nanoparticles added into electrolyte, the more complex the composition of the coatings prepared. The results of tensile properties of test specimens before and after laser treatment show that laser remelting can improve the tensile strength and percentage elongation of the coatings. The cracks on the surface stretch after ductile fracture after laser remelting.
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